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£fl ^-^sH^^Hl ^ Hlfe ^5fl7l^;# ^^(20)(^r) 

o\] ^-2}-^ i£<g °l^(uni bimorph)^ Eflofl o]J£^^- Jf2)-§]-ji o]Jg^(3 

0)°fl °1^^1(40)7> ^7]^; ^Sfl7l^ ^^^^1 

£ 3 
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^ QQ/^i^ M^S-E] {small piezoelectric or 

electrostrictive linear motor} 



[51^^ Zt^t^: 

<i> S. 1. ^ t^oll °l-g-^ W ^^7]^: Hl^b ^31 7] ^(10)^ ^^1(20)^1 ^ ^ 
^ €31 

<2> 51 2. ^ ^<*fl ^-g-^ 4i^§ SJ-^/^Sfl 2^§-^ 3]^c>| a ^ €3]. 
<3> 51 3. £ ^A&Sfl ^^-Sf 31^0] 5LE] #q^^(saw 

tooth pulse)3|-. 

<4> 51 4(a). ^ ^ SJ-^/^^fl ^#^r 3]"u|«>| ^1 ^Al^o^ 

<5> 51 4(b). ^ SHl/^Sfl 3]qo| 51Bj^ ^12 -^Hl^l T^a. 

<6> 51 4(c). SB]^ ^3 ^Aj^o] TgT&S. ^ 

^51 ^S. 

<7> 51 5(a), 5(b) ^ ^^1 ^ ^/^^ ^4 3]^^ SLB\$] ol^^(40)o] ^ 2 
<8> 51 6. £ ^ el^ol sle-I^ 01^^(40)^ Jl^to} o. 

^ M-Bl-^ €31. 
<9> <51^ ^f^r^l tfl^r ^S. i§^> 

29-5 



<io> 10, 12: 7]& 20: 7]&, 

<n> 25: J1^t=1, 30: o^^r, 

<12> 35: o]J&^ Jl^^r, 40: , 

<i3> 42: 44: ^7fl , 

<14> 46: , 

<is> ^tfl^ °m PDA^s) ?Hle}- te^g-g-a_S. ^-^fl 7>^si ^^tg ^}^} sl 
E] (Stepping Motor )^ 7j-f ^ 3]^^o_^ ifltsfl ^^H^ 

(cam)# *>-g-SH 6 > §M ^ ^ *1 ^ 313 (backl ash) 7> ^7} ^_^>7> ^1 

^^S.7 r 3.7} nfl^ofl A>-g-ofl t£ji o^cf. rr^. o] cq. ^.o. 

<16> <H^6_S 7]^^; ol-g-^V b] u| ^ s.B| ^ ^^-3(-(f lexural wave)°H 

^«fl ^4 #^¥( longitudinal vibration)^- 

(transversal vibration) <^°1HE|# ^t^M ^3] 4 ^a^j^s 

^fl^MS y o Vl 3 ° a v 3^ 91^. (standing 
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wave type) e^^SE^ 7]a_^o] <|Efl^ rf^ ^7># ^ 

5>i4. <^*M4 ^.(^^«.)6fl ^ 

^Ji, <^7}^ ^jf^ 4ts °l^l7> ^-S^^l 

<17> ^ #7]& ^ ^ ^1 «MS}7l ^ §M *H ^ 7 A°- 

#tj)^ ol4 PDA^ 7H|e}- f^fl 7>^*V ^ QQ/QSty ^ 

S\.^-C\o]S.B\6\} ^-ffr ^0_^_ 3^3} <^<^ H^Efl^ ^01-^- 01 7 >*}-0_S^ ^ a 

^ #H o]7>§>^ #<g-<*l ^7Hi n|-e). 3^ ^^^^o] 7>^§>ji ^| 

<18> ^7-1, S^S) y>HJ-^]^ -*UH # ^^§>7l ^ ^. Tg-Tgofl 

%-o)^6\] cfl§>^ ^^^^ 
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M-t^b ^71^(10)^ ^ ^-^34 ^ofl 

<20> 511^ ^ HUH i^s ^71^(10)^ l^-E^^tf. 

<21> £1(1)^1 H^H^^ ^71^(10)^1 «17>M^ ^ 

# q-E}Lfl^rf. ^7l^r(10)^ ^ ^^=4 ^T)^ W 0 >^ol ^Hl^ ^71^; 

(10)^ z ^H^S. H^M-JI ^h^Kpossion rati o)^l ^|«IH x 

^71^(10)^1 z a 0 v f AS. <g^q-^Ai x ^ y^o.^ jg^-o] ^u^i 

<22> 51 l(b)^ 71^(10)^- #>M(20)7> «fl^ Tg^^* T^lfl 

°H V ^7l^;(10)b 51 l(a)^ ^ ^^Bfl* 5LolJi ^71^(10)^11 

9l^= ^^1(20)^ ^71^(10)^ ^4 rcj-eq- ^5i7l7)l ^t}. 

<23> 51 1(b) ^ ^di>i 51 A] ^ ^71^(10)01 z tfii ^ 

€^1(20)£] W 51 H-^vfl ^ojrf. o]b|^ «i^7> M-^i^fe ^ 

^71^(10)^ ^^-32f ^^(20)51 J7^rJ( 25 )o] J7^^ olsj-o} ^^(2 

0)£) 7^0]] 7lo]^ ^H^. 

<24> 51 l(c)fe <3-^ 71 ^(10 H x ^-fAi xtj-e^- ^*fl(20)7} z ^ 

5l5L^ ^^^o] O]oj^ i^Bj-T^t}-. 51 l(b)^]7-ii4 ^ i^^-Al-Efl^ 
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^Zt^SLS. « 0 >^^ ^711 ^ 7] ^r(lO)^ ^^^Bfl7> H> 

<25> Ol^l- oT-^7l^o]l ^^1S 9J7}^ Tj-^ ^^^1 o]^^ tfl^ 7l^§>5| 

i^M-, ^71^0] o>i^sl- ^5fl7l^# A>-g-^ Tj-f^c ^7l^ ^-fsq- ^<il*> 

7l^H°J ^ Sfl^H ^51^ ^M«Kr ^"71 51 H^i 

<26> AA*\, ^ 't^^^fe ^"71 ^71^; ^ ^ifl7l^ <>l-g-SH 

ol^ Al^^ol ^^^71^ 51^^ 5LB\°] 7^d]} cfls}^ 7l#S>^ 

<27> ^ ^-^o] ^71^; #3)71^(10)^ ^M 1 ^, Jl^^} 

^ 7fl^5l ^7l# HL^ ^^7l#(10)A^ <&&7]&<!\ Tj-o 7l^ ^ 
A^L 7}-^ ^ oj^cf. -Al-71 #^l(20)fe 7>X]^ ^*11# 

^ ^ ^°lH^r Si 3^ 7fl^# A}-g-§}$^. o]^^ol #71 ^ 

3K20H1 ^l^fe ^-f ^°<H?-°11 °1^(30)°1 avoi € ^ *(hole)^ 
A^ ^ 9X^ 

<28> 1^7-1 #3E]£- W>5q- ^o], oV^ 7 ]^ ^7]^aO)A ^^1(20)7> *f- 

3^ #B)HH ^7ll7> ^E]^, ^7]^ JE^r ^2fl 7] ^( lO)^ ^ *fl (20) W 
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^ofl ^o] v&S$& ^7l^ 31 ^1^7]^, Hlfe °c^^ ^ <^7l^ HI 

*r ^^71^0] Jf^Sjfe 7]^, -^-71 71^ #71 ^jtfl 7l^ 

<g ^6\} tflaj-Q^ ^^JlS ig^^ °1^, ^ ^"71 ^7l^ Hl^r ^Sfl7]^ 

-g-ol^Tfl ^7]§ ^ oi^ dfl-a ^ Jf^ 51^ ^^rj-. 

<3i> 51 2fe °1^(30H1 ol^^( 40 )7> ^ pfl^q^ ^^\<% 

4. £ 3^ ^^71 Hlfe ^5fl7l^r(10)^l < ?]7>£]i± ^ 51*1^ 

tiV^-S]^ #^|^^(saw tooth pulse)* ^l-g-§l-7ll ^cf. 

<32> £ 2^1 £A]£]o| ol xji^ e>xln>, £ A] ^ o]^^(30)^ EE 

^1^71^(10)4 ^^1(20)7} 51 loflA-] ^-ol 4i^l5]^ $I^r 

7H§>J7, 51 34 z>^ ^-f ^1*^(30)^ ^]<?J 

oil n}^ 01-^^1(40)^ 

<33> 51 2(a)4 51 3^1 a : ^H^. <^*ll (40)fe ^ ^ ^-^^(30)011 
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*1 *f-tf Sa^ $}*)^}?\) 
<34> J£ 2(b)^ £ 3^ a-b : £ 3^ #M l step ^71^ ^7>s] 

^Apf^, ^ fi4 a^H b7> ^?HH*r, ^1^^(30)4 

o]-^^(40)7> x ^ HJ-U^S. ^^SLS. 3.7} A(Sa=Sb) ^ £-*M >H 
<35> £ 2(c)^- ^3^ b-c : £ 3^ #M b°ty*\ cS. ^sf^H # 

nfl, £ 2(c)£] °1^^(30)^ 71 Bl 2A 

^ -g-^o]7|l ^rf. ^7>^JlS o]J£^(30)ol ^0_^ ^-3|ol7|l ^7]1# 
7>XlJ7 oj^ ol^^(40)^ «j2loll ^^A-] Sc^ fl^H ^7)1 

°1 ^^(30)^^1 £^HH!=£.s ^4. (Sc>sb) 

<36> £ 2(d)^f £ 3£) c-d: °l^%(30)^r 6\ig.^(40)s% x ^ ^^o.s. 

2A^ 7^el^# ^^iTfl ^h}. (Sc=Sd) 

<37> £ 2(e)^ £ 3^ d-e: b-c^ ££r ^Bfl^l ^7fl (Se>Sd) 

<38> £ 2(f)^ £ 32] e -f: c-d^ ^ £-^<3^ ^tf. (Sf=Se) 

<39> ^-o] ) <y-^7l^ S&fe ^^fl^m^ll 

^ ^*hM- cll:^ ^1^^7> <^§>7ll ^tf. o] 

^ ^7l^ 3^ ^^71^(10)^1 ^«1H -^^(uni-)^^ 

H}ol££(bi-morph), ^ 7]^ £fe o]^ 7 }$- =^-^6\}X\ ^ ^o^^-ji 

°1 ^(30 H ^7> q^^o.^ ^oiq-Tfl ^tf. o]e|^ ol-g-^ 

°1^1(40)S o_^^o] if-^^W ^ o] 7)1 ^rf. 
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<40> °1-S-SH, S. 32] #^^^i(Saw tooth pulse)^ 

^ °1-&^(30)^1 ^7} ^E^, 01^(40)3 ^°1 ^7)1 °l**l|(40)7} 
°1^(30)3 £^ -S-^l^ ^ °1 J &^1(40)3 «oH^ 

1°1f ^ #7] ^A]^ U>3- ^-o] sj-^o] 1^3]^ ^ S 

<41> ^-7]^ S-^^ ^§]-7l a_ 7ia_^<a ^2:^ ^^^t £^ ^ 

^71^(10), Ol^(40), °1^K30), ^7Sfl(20)S ^ 5]^ 

^j-rf. Hi^t oie)^- 7l^^o] -g-g-sj-c^ a. ^oflA-i aiMaHr 37> 

*1 ¥ ^3 ^ a^g-a* sl^M 7fl^sa^-. 

<42> 51 4(a), 4(b), 4(c)*r ^7] 7^ °l-g-*H 37}^ 7> 

<43> 51 4(a) £ afll ^71^ ^^71^(10), leHJ*l| 

(20), 01^(40)^ ^^cf. ^d7l^ Sl^r ^^71^(10)54 *a-M(20)^ 
(disk) ^Bfl# 7 >x1ji ^ ^-qa^(unimorph)olJ7 ^^(20)^ ^71^ Sfe 
^2fl7l^(10)5>-S- E f-Bl ^5)^ ^ ojo] 2];^o_s ^^ElJI ^3}-^ 

<HW n^l* 7>x]^ i&^^HH -o^^v ^ri-^ie}-*! 7}^sH, ^ 
o] ^Aldfl^l^^ A>-g-§h°l ^4-§>^rf. -at- 71 o|^(30)o] -At 71 ^x|Hl 

7^ o]^^ x]^l§>7l ^ # ^«( 35 )^ ^ m ^ E oiq.. OV^ 
/^SJM^o] ct#o] -^^a^ol ^-f 51 3(a)^- Tj-o] ^7^ Sl^r ^^M^- o] 

29-12 



*4 <2tM^i f^^Ml &*m$= £°] 7\% ^ ^ £M Jl^I ^ 

< 44 > 5L 4(a) <*1H H>«q- ^-ol, ^-7] o]^^ ^/^^fl^^ ^z^^ tiVtfl 

^ #>8*H Jf^HI ^S. 51 4(b)°lH JSL^r *\&c 7]&°] 

^oj «-aV^ o^^- <g<*o|j ^ ol^ 7j\o]v)-. 

<45> ^71^-], <g-^7l^r(10)^r ^1 A}-g-^ ^ , «9 ^ 3 

#H€^°ll ^ W(disk) ^Bfloj ov^ 7l ^- g:^ ^Sfl7l^r(10)^l 

3^ Ml^H ^ *%^SLS. ojo] i^Tfl £]o] -ff-^5L^(unimorph) 

<46> £ 4(a)5l ^1 ^UHofl^fe ^^1(20)^1 ^ ^1^ ^7l^ ^ 2fl 

7m(10)# -f-^ <=H^1 (20)^1 4^ ^ ^ ^°<H1 *(hole)# ^rS<H 

°1^(30)^ ^Al^ji, 4>7l ^^7> JI^ ^ JI5L^- ^^1^1 
7l^r 3^ ^^71^(10) Ji^ 3711 ##£4. #7] ^^1(20)^1 ^^Hl 
(25)°1 ^ JL^^ ^-71 5LB\7} JL^^o] ^^5)^ 7^# 

« ^ ^1^ ^71^: Hl^ ^i^7l^;(10)^ ^ofl 2.B1 7>^7> 

<47> o 1^^(30)^ (20)^1- ^71^ HLfe ^Sfl 7] ^(10)^1 «^ o]^ ^2: 

O] w}ol3E.H(bimorph)£) ^-711^.4 0} ^ Bfl^S 7>tt|^0> Sj-c^ <y-^7l# ^ 
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71^(10)5] o o t ^ ^^-^i^ s-^^ i(saw tooth) ^<y-^(u)# <s^§h n^^-a 

<48> S. 4(b)fe £ ^12 ^^Hl^i, ^7H1 £E]fe ^^7]^ 

^7}^ ^ A>-g-sV y>ola^(bimorph)S^ ^# ^ $1^ ^HflS. 3. 

33 ^ *W ^ *fl4 A>-g-^ ^71^ ^ 

y 0 >^^: ^^§1 S^^H l^^l S|tfl7> ^l^K ^^7]^ it 

^SJM^dO)^ ^SHM ^^Ml #MH^(saw tooth pulse)* Sl7>Sj-;n. ^ *|| 
(20H ^^IH ^rf. o] ^ ^-ofl E., ^-71 o]^^(30)4 ^-o. 

<49> 5. 4(c)fe £ ^3 €^^1^1, °^7Hl EAjSl S.^ ^ ^ 

71^ S-^r ^S^M^oj ^(disk) ^ Hfl 7> o}^ A>Z]-^ o] ^ Bfl S 4 ^ 

^ 37H1 *j|<^ aj-g- ^ ^ ojrf. ^^(20)^ °^7l^ HL^r # 

^7l#(10)S ^ ^ ^>^^fl a x 37l# 7>^ -fr^E.^(unimorph) 7> ^ 
*M 2-^ A -S^ °1 ^-r-^lE., 5. 4(b)^ ^1 «H3-S5. ^3)-^ 
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^ n<*fl 51 4(c)°lH -g-^ ^^-S. 

<50> ^o] f ^ 7 ]^- ^2fl7l^; ^ 2^-^" 

*fM^ «lB}o]ol^ A>Z]-^ o]^o]l5L 7 >xl ^EflS 7\)^o) 7>^§>q-. 

<5i> 51 5<*H*r O l-&^(30)^1 ^fl^ ^1^^1(40)^1 <H €^H1# 51 a] §>^x}. ^> 
71 °l^l(40)^r #71 ^71^ Sl^r ^^71^ o] 7 >^ ^§}<4. Ej-^^l^ 

^°1 °1 ^l^^l ^"71 ol-g-^ofl ^£)JL, #7] ^d\]X\ 

#7] °W$l7} ol^5}oj <&&7)& Hl^r ^2fl7l^ ^<LS_ ^ # o] ^ 

<52> #7l 51 ^1^1^ °1^^S1 £ ^^^1 <g ^Alofl^ # 7 ] 

°i^^(3o) >*hh <s^m -R-*m ^ 

a. tf^l ^-g-^ ^ ^ ^s^-ig ol^(40)i^ ^Jol4. 

<53> 0^1, <H^$ 7>xl^ ^Sfl S H 7^1 - #^^LAl # 

7] o)Jg-^6\] Tgaj-^lTJl o]-g.^3|. TgaV^l^ <H^^ X2}%^^■ 7} 7] ^l3j-s] 

<54> ^l-S^lfe °1^^ S^l *}#^# °l^^^l a 

^ol aj^S. <g«_ # ^S.^- ^^H, H>^«1-7||^ ^7) o)^6\) M^o^^ 
is}~ 7M5L^ afl^ ^ ojrf. #7] ol^^(40)^ 7>xl t*| , 

29-15 



o]± ^5L°) ^-7ll# 7>*M ^#3) w^ofl 5]SH ^ *fl*N°1 0 t & 

<55> 5L 5^1^ *1H^ ^4 , 3 3 *>€^# -fM 

5^ H^^M, 7>^1^ -g-^fllL^ ^^jg f l ^(44)7> ^ 

®A. ^^(44)^ n>^Sl ^"71 ^%^fl# #*>51^- 

(46) ©1 ^71 f^s) iq^ofl -H*l€ ^ 

<56> 5°fl ^ ^^Hl Jf^r^l 

^ ^^°11 ^S.^ 7}^ n^fl^ 

<57> #71 ^J^l (40)71- 0^^(30)011 EJ-^H^ nfl 3^m ^ Q^Sr 7>7^0> ^ 

o] SB^o] M-Bl-^i ^ £>tf. 7 >Xl^ # 7 ] ^L^(46)^ >£ 

°1¥^ °1*^(30) A>6H S^S^ ^§>7ll 
<58> #7] n>^^^ til^"^ «.5llol3^# A}-g-§}c^ ^S}^ O.^ , f^fl ^ ^ 

<59> £ 6^ JS-Bl^ o]^^(30)oil EJ-^fl^ 01^^1(40)^- -f}-q w>ol2. 

Hi*) £^1§>^4. ^^M&fe ttM 5.= Sfe «M:E.= (uni- f 

bi-morph)^ ^ ^-g-ofl 01-^^(30)31 nofl #4=^ °l^l(40)3l 
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-g-^^r u^ifl^i}. ols]^ ^.q w}°l-£S(uni-, bi-raorph)^ i£$H 

^ €^*H(20)^ ^71^; Sfe ^2fl7l^(10)# -frM ife w>o] S n( uni _ j 

bi-morph)^ ^ §H, ol^(30)oll ^fl^ o^l (40)7} 

^P§°1 -r-^r^ ^ Biqoi 2.b1# *)|^ ^ &t}. ^ ^1 ^ 

-g-Slfe S.B1 37] oil til^flA-1 ^o] -f^H BBl-S. ^ 
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71^1 Jfa]-^ ov^ 7m rrfe ^Sfl^ #<*|) Ji^S)^ o]^ 

^, ^ ^"71 o]^4k v$B\- o]^o] 7} ^t;}5m *fl^ it«}fe °« V ^1/^ 

2fi B^UM S-Bl^l ^ ^ofl SU^A], 

(a) #7] ^7l^ £fe ^2fl7]^ <g=^6fl ^ojj ^]!0] 7RK§^ *fll3 

(b) ^-71 (a)^T^l ^1^, ^"71 ^7l# ife ^Sfl7l^ ^ojj ^ofl ^2 

#31 (a) (b) #31 ^<?L #7] <£&7}$; ^StM^l ^^ofl <a^Ej 

°1 ^^Kr ^"71 ^T-7] o]-^^^ nj-^^JiT^ ^-71 o]^^^ ^ o] 3 ^ 

<^/^ ^8-4 sH°l 5-33 

^-71 #31 (a) ^ #3l(b)-& ^ S}ir 2^ 
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3] 

*flis] 7l^o] ^fl2.sq 7R> a.tf yj_ 7j\^ ^^SLS. ^/^afl sN 
4] 

^-7] ^1<2] 71^0] ^2^1 7R> iLCf ^ ^ ^i^sL §Kr 5] 

5] 

% «oH^ ^ ^/^Sfl s^-^- Sl^o] £^ 
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6] 
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[51 1] 
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[51 2] 
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[51 3] 
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[S. 4a] 
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[S. 4b] 
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4c] 
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[51 5] 
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[51 6] 
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